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rEHETHHECKAH HEOflHOPOflHOCTb nPHPOflHbix nonyjumHft 
IIAPTEHHT MICROPHALLUS PIRIFORMES H M. PYGMAEUS 
(TREMATODA: MICROPHALLIDAE) 

© K. B. Xa.ixypuH, H. A. MiixaiuiOBa, A. H. rpaHOBHH 

MeTOflOM nojiHMepa3HOH uenHOH peaxunH co cjiynaHHbiMH npaHMepaMH (RAPD) 6biJia H3yneHa 
reHeTHHecxaH CTpyxTypa HecxojibKHx npnpoAHbix nonyjiauHH TpeMaTOA ceM. Microphallidae, napa- 
3HTHpyiomHX b JiHTopaJibHbix MOJiJiiocKax Littorina saxatilis h L. obtusata Eejioro MOpa. IlepBO- 
HanajibHO wz aHanH3a HcnoJib30Ba;iH OTAejibHbix MeTauepxapHH H3 AonepHHx cnopouHCT. RAPD- 
naTTepHbi OTAejibHbix MeTauepxapHH H3 oahoh cnopouHCTbi 0Ka3a;iHCb OAHHaxoBbiMH win Micro¬ 
phallus piriformes H pa3JiHMHbiMH nnx M. pygmaeus. TaxHM o6pa30M, y nocJieAHero BHAa oOHapyxceHa 
reTeporeHHOCTb X^HK cpeAH ocoOefi, (JjopMHpyiomHxcH b pe3yjibTaTe napTeHoreHeTHHecxoro pa3- 
MHOxceHHH oahoh cnopouHCTbi. TpaxTOBxa nojiyneHHoro pe3yjibTaTa Tpe6yeT ^ajibHeHiuero AeTanb- 
Horo HccneaoBaHHH o6HapyxceHHOH reTeporeHHOCTH. 

MHoroHHCJieHHbie aMmiH(})HxauHH TOTaiibHOH XUHK cnopouHCT BMecTe c coAepacameficfl b hhx 
coBOKynHocTbio MeTauepxapHH H3 oahoto 3apaxceHHH (oahoh jioxaribHOH reMHnonyjiauHH) noKa3a;iH 
reHeTHHecxyio oahopoahoctb Hcnojib30BaHHoro MaTepnana. 3 to no3BOJiHJio cpaBHHBaTb reHeTHuec- 
KHe oco6eHHOCTH pa3JiHMHbix rpynnHpoBOK napa3HTOB, Hcnojib3y» cnopouHCTy c MeTauepxapnaMH 
b xanecTBe xapaxTepncraxH xaxcAOH jioxajibHon reMHnonyjiauHH. Pa3JiHHH5i nacTOT RAPD-jioxycoB 
noKa3aHbi wz nacTefi reMHnonyjiHUHH M. piriformes , npHyponeHHbix k pa3HbiM napaxceHHbiM BHAaM 
npoMexcyTOHHbix X035ieB — L. saxatilis h L. obtusata. Kax AAfl M. piriformes , Tax H win M. pygmaeus 
o6HapyxceHa reHeTHHecxaa AH(j>(j)epeHUHauH5i noxajibHbix reMHnonyjiHUHH H3 mojijiiocxob, codpaH- 
Hbix c ynacTxoB noOepexcba, otctohiuhx Apyr ot Apyra Ha 10—20 xm. HaOjuoAaeMbie pa3JiHHH5i, 
BepoHTHee Bcero, onpeaejiaiOTCH ocoOeHHocTHMH pacnpocTpaHeHHH h nyTAMH MHrpauHH oxoHHaTejib- 
Hbix X03«eB, a B03M0XCH0, H HX BHflOBbIM COCTaBOM. 


reHeTHHecxaH CTpyKTypa npnpoAHbix nonyjwuHH napa 3 HTHnecKHx opraHH 3 MOB b uejiOM 
H TpeMaTOA B HaCTHOCTH OCTaeTCH AO CHX nop CJia 6 o H 3 yneHHOH. ripHHHHa 3 Toro, 
BO-nepBbix, b HeAOCTaTOHHOM Hcnojib 30 BaHHH napa 3 HTOJioraMH Ohoxhmhhcckhx h reHeTH- 
necxHX noAxoAOB. flonroe BpeMH OTcyTCTBOBajin MeTOAbi, KOTopbie no 3 BOJiHJiH 6 bi onpe- 
AejiaTb HHAHBHAyajibHbie reHeTHnecKHe xapaxTepncTHKH mcjikhx no pa 3 Mepy opraHH 3 MOB, 
hto b cjiynae TpeMaTOA cxopee npaBHJio, neM HCKjnoneHHe. H TOJibxo b Hanajie 90-x toaob, 
b cbh 3 h c noHBjieHneM PCR-opneHTHpoBaHHbix MeTOAHK (Welsh, McClelland, 1990; 
Williams e. a., 1990), 3 T& TexHunecKaa npoOneMa 6 biJia peuieHa. 

Bo-BTopbix, HCCJieAOBaHne reHeTHnecKOH CTpyxTypbi nonyjiauHH TpeMaTOA CAepacHBa- 
eTC5I Hpe3BbIHaHHO BbICOKOH CJIO)KHOCTbIO H MHOrOKOMnOHeHTHOCTbK) (J)OpMHpyeMbIX HMH 

napa 3 HTapHbix chctcm (BexjieMHUieB, 1970; floOpoBonbCKHH h Ap., 1994). HccjieAOBaHne 
reHeTHnecKOH CTpyxrypbi npnpoAHOH nonyjiauHH sthx opraHH 3 MOB npeAnojiaraeT xax 
paccMOTpeHne pa 3 JiHHHbix noKOJieHHH n c|)a 3 )KH 3 HeHHoro UHKJia, Tax h oueHKy CTeneHH 
reHeTHnecKOH noApa 3 AejieHHOCTH jioxajibHbix reMHnonyjiHUHH, napareMHnonyjiauHH, 
b uejiOM MeTa- h napanonyjiHUHOHHOH CTpyxTyp (Granovitch, 1999). HanOojiee nepcnex- 
THBHblM HaM npeACTaBJIHCTCH aHaAH 3 npnpOAHblX nOnyjlHUHH TpeMaTOA, c TOHKH 3 peHH 5 I 
CTpyxTypbi hx napa 3 HTapHOH CHCTeMbi. 3 tot noAxoA h peajiH 3 yeTC 5 i b npeAJiaraeMOH 
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pa6oTe, rue c iiphmchchhcm MeTOua RAPD (random amplified polymorphic DNA) 6buia 
npoaHajiH3HpoBaHa CTeneHb reHeTHHecKOH HeouHopojmocTH npnpouHbix reMHnonyjiflUHH 
napTeHHT h MeTauepKapHH Microphallus piriformes h M. pygmaeus. 


MATEPHAJI H METOUbl 

Oco6eHHOCTH *H3HeHHoro UHKjia Microphallus piriformes h 
M. pygmaeus. Jinn o6ohx bhuob TpeMaTOu xapaKTepeH uHKceHHbw xcH3HeHHbiH uhkji 
6e3 3mhcchh uepKapnii, ocoGeHHOCTH KOToporo noupoOHO onHcaHbi b pa6oTax TajiaKTH- 
OHOBa (cm., Hanp., TajiaKTHOHOB, 1993). BaxcHaa ocoGeHHOCTb xcH3HeHHoro uHKjia sthx 
napa3HTOB — pa3BHTHe jihhhhok repMac|)pouHTHoro noKOJieHHfl uo CTauHH MeTauepKapHH 
BHyrpH uonepHHx cnopouncT, hto npHBOUHT k $opMHpoBaHHio b nepBbix npoMexcyTOHHbix 
xo3aeBax AJiHTejibHO cymecTByiomux jiOKajibHbix reMHnonyjixuHH MeTauepKapHH, HHBa3H- 
ohhmx unn OKOHHaTejibHoro xo3XHHa. FIpoMexcyTOHHbiMH xo3aeBaMH ABJunoTca HecKOJibKO 
bhuob jiHTopajibHbix mojijiiockob poua Littorina. Cootbctctbchho jiOKajibHbie reMHnony- 
jiflUHH napTeHHT h MeTauepKapHH o6ohx bhuob TpeMaTOjj Moryr 3apaxcaTb HecKOJibKO 
BHUOB COBMeCTHOOGHTaJOlUHX JIHTOpaJIbHblX MOJIJIIOCKOB 3TOrO pOfla. TaKHM o6pa30M, 
reMHnonyjiauHH napTeHHT c MeTauepKapnaMH noupa3uejieHa Ha nacTH — napareMHnony- 
JiaUHH (rpaHOBHH, 1996) B COOTBeTCTBHH C nOnyjIXUHXMH pa3HbIX BHUOB npOMexeyTOHHbIX 
xo3aeB. B KanecTBe OKOHnaTejibHbix xo3xeB M. piriformes h M. pygmaeus Moryr BbicTy- 
naTb HecKOJibKO bhuob nHTaioiUHXca Ha jiHTopann nTnu: nanKH, yTHHbie, bo3moxcho KyjiHKH 
(rajiaKTHOHOB, 1993). CjieuoBaTejibHO, h reMHnonyjiauHH MapHT TaKxce noupa3uejieHa Ha 
napaKceHHbie nacTH. 

C6op h nepBHHHaa o6pa6oTKa m aTepnajia. C6op JiHTopajibHbix mojijiioc- 
kob Littorina saxatilis , L. obtusata h L. littorea npoBOUHJin b 1998—1999 rr. b npeuejiax 
ry6bi Hyna KaHuajiaKiucKoro 3ajiHBa Bejioro Mopa (Bcero Gbuin co6paHbi cnopouncTbi H3 
398 3apaxceHHbix mojijiiockob), a TaKxce b BapeHueBOM (flajibHHe 3ejieHUbi) h CeBepHOM 
(UlBeuna, 3ajiHB CKareppaK) Mopax (24 3apaxceHHa). Ochobhmmh MecTaMH c6opoB Ha 
BejiOM Mope nocjiyxcnjiH o. FIjiocKaa Jlyua, ry6a ^KOBJieBa h 6yxTa CejibuaHaa. 3th tohkh 
pacnojioxceHbi no och ry6bi Hyna ot Han6ojiee ee otkpmtoh, mophctoh nacTH (o. FLnocKaa 
Jlyaa) uo 6ojiee 3aKpbiTbix, KyTOBbix ynacTKOB (6yxTa CejibuaHaa). PaccToaHHe Mexcuy 
KpaiiHHMH TOHKaMH cocTaBJiaeT okojio 20 km. C6op mojijiiockob b KaxcuoM cjiynae 
npoH3BOUHJiH c uocTaTOHHO OojibmoH njioiuauH h b npeuejiax pa3Hbix ropH30HTOB 
JIHTOpaJIH BO BpeMX OTJIHBa. 

BcKpbiTHe mojijiiockob npoBOUHJin b jiaOopaTopHbix ycjiOBHJix Ha MBC Cn6ry c 
Hcnojib30BaHHeM OHHOKyjiapHoro MHKpocKona MBC-9. Flpn bckpmthh onpeuejiajin bhuo- 
Byio npHHauJiexcHOCTb MHKpoc})ajiJiHU rpynnbi «pygmaeus» h craunio hx 3pejiocTH, Hcnojib- 
3ya CTaHuapTHyio MeTOUHKy (FajiaKTHOHOB, 1993). CnopouncTbi MHKpoc})ajiJiHu OTMbiBajiH 
ot TKaHeii xo3HHHa pacTBopoM PBS, noMeiuajiH b npoOnpKH 3nneHUop(|) h (JiHKCHpoBajiH 
70-rpauycHbiM STaHOJiOM. MaTepnaji xpaHHJin npn +4°. Mojijiiockh, 3apaxceHHbie ouho- 

BpeMeHHO HeCKOJIbKHMH BHflaMH napa3HTOB, H3 UaJIbHeHUIHX HCCJieUOBaHHH OblJIH HCK- 
JIIOHeHbl. 

BbiuejieHHe flHK h mctou RAPD. MojieKyjiapHO-OnojiorHHecKaa nacTb pa- 
6oTbi BbinojiHeHa Ha 6a3e oxuejia OnojiorHH kjictkh b KyjibType HHCTHTyTa uhtojiofhh 
PAH. Jinn BbiuejieHHa TOTajibHOH flHK H3 OTuejibHbix MeTauepKapHH h cnopouncT 
Hcnojib30BajiH MOUH(J)HUHpoBaHHbiH mctou Yanina (Walsh e. a., 1991). Aoctohhctbo 
uaHHoro MeTOua coctoht b tom, hto npn cjjepMeHTaTHBHOH o6pa6oTKe TKaHeii b npncyT- 
ctbhh xejinpyiomeH hohoOmchhoh cmojim Chelex-100 b pacTBope ocTaeTca hhctmh 
npenapaT TOTajibHOH flHK, roTOBbiii jyia ncnojib30BaHHa b FIUP 6e3 uonojiHHTejibHOH 
(J)eHOJixjiopo(J)opMHOH ohhctkh. BejiKOBbiil KOMnoHeHT pacTBopa copOnpyeTCH Ha noBepx- 
hocth cmojim h He npemiTCTByeT nocjieuyiomeH aMnjincJjHKauHH flHK. 3tot mctou 
no3BOjiaeT npoH3BOUHTb ouHOCTyneHHaToe MHKpoBbiuejieHHe JX HK H3 o6T>eKTa pa3MepoM 
300 — 500 mkm. Jinn BbiuejieHHa flHK OTuejibHyio MeTauepKapnio noMeiuajiH b 3nneHUop(|), 
couepxcamHH 10 mkji 5 %-ro pacTBopa Chelex-100 (Sigma Chemical Co.) h npoTeHHa- 
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3y K k KOHueHTpauHH 0.1 miVmji. ripo6y HHKyOnpoBajiH 1 h Ha boahhoh 6aHe (T +50°) c 
nepHO^HHecKHM nepeMeniHBaHHeM, nocjie nero BbiflejieHHyio flHK Hcnojib30BajiH ajih FILIP. 
B cjiynae cnopouncT o6T>eM jiH3HpyiomeH cmcch cocTaBjuui 100 mkji, a BpeMH jiH3Hca — 
1.5 h. KojiHHecTBO flHK H3 1 MCTaucpxapHH BnojiHe flocraTOHHO ajih nocjieflyiomero 
npoBe^eHHH HecKOjibKHx nup peaKUHH c pa3JiHHHbiMH npaHMepaMH. BbiflejieHHyio flHK 
xpaHHjiH npn -20°. 

flna aHajiH3a reHeTHnecKOH reTeporeHHOCTH napa3HTOB npHMeHHjin mctoa RAPD 
(random amplified polymorphic DNA) (Williams e. a., 1990; Welsh, McClelland, 1990). 
AMnjiHcfwKauHK) npoBOflHJiH b TOHKOCTeHHbix snneHflopcfiax, coflepacamnx 20 mkji cmcch: 
lx aMnjiH(f)HKauHOHHbiH 6yc})ep, 3 mM MgCl 2 , no 0.3 mM dATP, dTTP, dGTP, dCTP, 2U 
Taq nojiHMepa3bi (Ch63h3hm hjih Bion), 25 nMOJib npaiiMepa h 2—10 Hr ,HHK. Amhjih- 
4)HKauHio npoH3Bo;iHJiH b unioiepe PTC-100TM (MJ Research Inc.) c Hcnojib30BaHHeM 
cjieayiomeH nporpaMMbi: HanajibHaH fleHaTypaumi 2 mhh npn 94°; flajiee cjieflOBajiH 30 
Uhkjiob: 94° — 45 c, 35° — 30, 72° — 45 c; OKOHHaTejibHaa sjiOHrauHH — 72° b TeneHHe 
10 MHH. CyMMapHO B pa 60 Te 6bIJIO npOTeCTHpOBaHO 15 KOpOTKHX (10-HyKJieOTHflHbIx) 
npaHMepoB. OcHOBHaa nacTb H3 hhx — npaHMepbi RAPD TM c})HpMbi Operon Technolo¬ 
gies (OPH-3, OPH-5, OPH-8, OPH-10, OPH-11, OPH-15, OPH-20, OPH-4, OPG-17), 
ocTajibHbie c})HpMbi Pharmacia Biothech (PR#1, PR#2, PR#3, PR#4, PR#5, PR#6). KpoMe 
3Toro, Hcnojib30BajiHCb npaHMepbi PR#4, OPH-20 h OPG-17, flonojiHHTejibHo CHHTe3Hpo- 
BaHHbie cjnipMaMH Cyber Gene (UIbcuha) h JIhtcx (Poccha). 

flna aHajiH3a aMnjiHcJjHunpoBaHHbix c|)parMeHTOB ncnojib30BajiH 3JieKTpocf)ope3 b 
5 %-hom nojiHaKpnjiaMHAHOM rene (riAAT). Flocjie npoBefleHHa 3JieKTpocf)ope3a rejiH 
OKpauiHBajiH b pacTBope OpoMHCToro sthahh (0.1 Mr/Mji) b TeneHHe 5 mhh, npocMaTpn- 
bbjih b yjibTpacjDHOJieTOBOM CBeTe h c|)OTorpac{)HpoBajiH Ha MHKpaT-300. 

CTaTHCTHnecKaa o6pa6oTKa flaHHbix. OOcneT flopoaceK Ha rejiax, t. e. 
reHOTHnoB KOHKpeTHbix ocoOeii napa3HTa, npoH3BOflHjiH cjieflyiomHM o6pa30M. flna 
Kaatfloro H3 npaHMepoB BbiOnpajica xopomo aMnjiH^HUHpyeMbin AHana30H cjjparMeHTOB 
(ot 100 ao 1300 n. h.), b HeM ajih KaatflOH oco6h onpeflejiajiH HajiHHHe hjih oTcyTCTBHe 
4)parMeHTOB no BceM hctko pa3JiHHHMbiM jioxycaM. 3anncb npoH3BOflHJin b BHfle BeKTopa 
«0» h «1», me «0» o6o3HanaeT OTcyTCTBHe c|)parMeHTa, a «1» ero npncyTCTBHe. B KanecTBe 
MeTojia nepBHHHoro aHajiH3a h rpynnnpoBKH flaHHbix 6mji Hcnojib30BaH KJiacTepHbiH 
aHajiH3 (nporpaMMa Statistica 4.5). KjiacTepH3auHio npoBOflHjin mctoaom Bapjja (Ward’s 
method, Euclidean distances), flna ouchkh ypoBHa 3HanHMOCTH pa3JiHHHH nap KjiacTepoB 
b cjiynae flocTaTOHHoro KOJinnecTBa BapnaHTOB Hcnojib30BajiH TecT % 2 . 

riojtaBjiHiomee OojibiuHHCTBO RAPD MapKepoB hbjihiotch AOMHHaHTHbiMH (Williams 
e. a., 1990; Welsh, McClelland, 1990). OnpeflejieHHe reHOTHnoB h nacTOT ajuiejien 6a3Hpy- 
eTca Ha HaOjuojtaeMbix nacTOTax roM03HroT no peueccHBHOMy ajuiejno (t. e. opraHH3MaM, 
y KOTopbix cfjparMeHTbi b tom hjih hhom Jioxyce OTcyTCTByiOT). B cjiynae AOMHHaHTHbix 
MapKepoB ajih nacTO npHMeHaeMbix F-CTaTHCTHK MoaceT 6biTb paccHHTaHo TOJibKO 3HaneHHe 
Fst. llosTOMy xax mctoa aHajiH3a AOCTOBepHOCTH pa3JiHHHH Meatfly nonyjiauHaMH h cy6no- 
nyjiHUHHMH HaMH npHMeHHjica flpyroH mctoa — R x C TecT Onmepa, peajiH30BaHHbiii b 
KOM nbiOTepHOH nporpaMMe TEPGA (Raymond, Rousset, 1995; Miller, 1997). 


PE3yJILTATbI 

1. AHajiH3 reHeTHnecKOH h3mchhhbocth cnopouncT h MeTauepxapHH MHKpoc})ajijiHfl 
rpynnbi «pygmaeus» BHyTpn JioxajibHbix reMHnonyjiauHH 

no pe3yjibTaTaM aMnjiHcf)HKauHH flHK MeTauepKapHH M. pygmaeus h M . piriformes H3 
15 Hcnojib30BaHHbix npaHMepoB OToOpaHbi Te, KOTopbie no3BOJiajiH HfleHTHcfmuHpoBaTb 
5—15 OTneTjiHBbix (JjparMeHTOB b flnana30He MOJieKynapHbix Macc ot 100 ao 1300 n. h. 
npn OT6ope npaHMepoB Taxate ynHTbiBajiacb hx cnocoOHOCTb BbiaBjiaTb MeatBHflOBbie 
pa3JiHHHH y TpeMaTOfl. B pe3yjibTaTe ajih paOoTbi 6mjih Hcnojib30BaHbi npaHMepbi PR#3, 
PR#4, OPH-20, OPG-17. 
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Phc. 2. RAPD narrepHbi MeTauepKapHH M. pygmaeus H3 oahoh cnopouncTbi, nojiyneHHbie c HcnojiMO- 

BaHHeM npaftMepa #4. 

^opoxkh: 1—3 — OTAeJibHbie MeTauepKapHH H3 oahoh cnopouHCTbi, 4—7 — pa3Hbie pa3BeaeHHfl oflHoro npenapaTa 

TOTajibHoii ^HK. 

Fig. 2. RAPD electrophoretic patterns of M. pygmaeus metacercariae within one daughter sporocyst 

obtained using primer #4. 


2 napa3HTOjiorHfl, 6, 2000 r. 
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Phc. 3. RAPD naTTepHbi OTaejibHbix aonepHHX 
cnopouHCT c MeTauepKapHHMH M. pygmaeus (H3 
3apaxceHHbix mojuiiockob L. saxatilis), nojiy- 
neHHbie c HcnoJib30BaHHeM npaitMepa OPH-20. 

j^opoxKH: 1—3 — ry6a flKOBaeBa, 4—6 — 6yxTa 
CejibflflHan, 7—9— o. riaocKaa Jlyaa. 

Fig. 3. Rapd electrophoretic patterns of M. pyg¬ 
maeus whole sporocysts, containing metacerca- 
riae (from infected L. saxatilis snails) obtained 
using primer OPH-20. 


a 


7 2345 67 89 1011 72 m 131415 16 1718 19 20 27 22 23 24 m 252627 282930 



6 


12 3 4 5 6 7 8 9 10 11 12 13 14 15 m m 16 17 18 19 20 21 22 23 24 25 26 27 28 



Phc. 4. HjunocTpaitf«i h3jihhhh no;iHMOp<})Hbix jioKycoB b RAPD naTTepHax aByx bh^ob MHKpotfraaaHa 
H3 pa3Hbix reorpacJ)HHecKHX MecT obHTaHHH h pa3Hbix npoMexcyTOHHbix xo3fleB. 

a — M. piriformes (npaftMep #4): ry6a flKOBaeBa — H3 L. saxatilis — aopoacKH 1—5, H3 L.obtusata — 6—10, H3 
L.fabalis —11, 12 h 29, 6yxia CeabaaHaa — H3 L. saxatilis — aopoacKH 13—17, 50jo. Fla oc Kan Jlyaa — H3 
L. saxatilis — aopoacKH 18—21, Kopra y JleBHH-HaBoaoKa — M3 L. saxatilis — aopoacKH 22—24, H3 L. obtusata — 25—28, 
6 — M. pygmaeus (npafiMep OPG-17: o. riaocKaa Jlyaa — H3 L. saxatilis — aopoxKH 1—3} Kopra y JleBHH-HaBoaoKa — 
H3 L. saxatilis — aopoacKH 4—6\ UlBeuwa — H3 L. saxatilis — aopoaocH 12—15, L. littorea — 7—11, 6yxTa 
CeabaaHaa — H3 L. saxatilis — aopoxocH 16—191 ry6a JlKOBaeBa — H3 L. saxatilis — aopoaooi 20—28. 

Fig. 4. The illustration of the polymorphic locuses, existing in the RAPD patterns of two microphallid 
species from different geographic habitats and different intermediate hosts. 
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Ha nepBOM 3Tane pa6oTbi oucHHBajin reHeTHHecxoe pa3Hoo6pa3He oco6en napa3HTa 
BHyTpH OTflejibHbix jioxajibHbix reMHnonyjiauHH. flna stoto 6biJia npoBepeHa reHeTHHecxaa 
reTeporeHHOCTb oTuejibHbix MeTauepxapnn H3 oahoh cnopouHCTbi. B 6ojibuiHHCTBe 
cjiynaeB aaa o6ohx bhuob napa3HTOB nojiyneHo nojiHoe coBnaaeHHe Ha6opoB aMiuiH(J)H- 
UHpoBaHHbix ^parMeHTOB flHK (pnc. 1). CpaBHeHHe RAPD naTTepHOB ana cnopouHCTbi 
h coaepxcamHxca b Hen MeTauepxapHH Taxxce He bwhbhjio pa3JiHHHH. 

OaHaxo npn Hcnojib30BaHHH npaHMepa PR#4 aaa aMnjmc})HxauHH flHK M. pygmaeus 
o6HapyxceHbi pa3JiHHHa no Ha6opy IIUP-cJ)parMeHTOB aaxce y MeTauepxapnii b npeaenax 
oflHOH cnopouHCTbi (phc. 2, aopoxcxn 1 — 3). CTOJib HeoxcHuaHHbiH pe3yjibTaT Tpe6oBaji 
UOnOJIHHTeJIbHOH npOBepKH. OuHHM H3 (JjaKTOpOB, BJIHaiOIUHM Ha pe3yjIbTaTbI aMnjIH- 
(})HXaUHH, aBJiaeTCa KOHUeHTpaUHH flHK B HCXOUHOH peaKUHOHHOH CMeCH (Welsh, 
McClelland, 1990; Mikhailova, Johannesson, 1998). flna npoBepxH bo3moxchocth 
bjihhhhh KOHueHTpauHH flHK TpeMaToa Ha xapaKTep nojiynaeMbix naHHbix npoBeaeHa 
aMnjiH(J)HKauHH ouhoh h toh xce TOTajibHOH flHK, ho npn pa3JiHHHbix pa3BeaeHHax 
(pwc. 2, aopoxcxn 2—7). Bhuho, hto aaxce npn H3MeHeHHH KOHueHTpaunn flHK b 
100 pa3 HaOopw nojiyneHHbix aMnjiH(J)HxauHOHHbix nojioc OTunnaiOTca Mexcay co6oh 
He3HaHHTeJIbHO. 

flna uajibHenineH paOoTbi TOTajibHyio flHK nojiynajiH H3 uejibix OTuejibHbix cnopouncT, 
coaepxcamnx MeiauepKapnH. CooTBeTCTBeHHO ana xaxcaoii jioxanbHOH reMHnonynauHH 
TpeMaTOu (3apaxceHHH H3 oaHoro Moaniocxa) nojiyneHbi aaHHbie no HecKOJibKHM cnopo- 
UHCTaM c MeTauepxapHflMH. Pa3Hbie cnopouHCTbi H3 ouhoh JioxanbHOH reMHnonynauHH He 
pa3HHHaiOTca no nUP-narrepHaM (pnc. 3). 3to xapaxTepHO aJin o6ohx bhuob TpeMaToa. 
AHajiorHHHbiii pe3ynbTaT nojiyneH c Hcnojib30BaHHeM Bcex npaiiMepoB, b tom HHCJie h c 
ynoMHHaBuiHMca Bbiuie PR#4. Hmchho 3Ta ocoOeHHOCTb nonoxceHa b ocHOBy cpaBHeHHa 
pa3Hbix jioxajibHbix reMHnonynauHH MHxpocJiaJuiHu xax b reorpac|)HHecxoM, Tax h napax- 
ceHHOM acnexTax. 

Hcnojib3ya b xanecTBe HCTOHHHxa flHK cnopouHCTbi c HaxouniUHMHca b hhx MeTauep- 
xapHHMH, Mbi npoaHanH3HpoBajiH M. pygmaeus h M. piriformes H3 6 reorpacJ)HHecxH 
o6oco6jieHHbix nonynauHii ry6bi Hyna. B aHajiH3e 6biJiH Hcnojib30BaHbi npaiiMepbi OPG-17, 
PR#4 (pwc. 4) h OPH-20. Kax OTHeTjiHBO bhuho H3 3JiexTpoc|)ope30B, MHorae H3 jioxycoB 
aBJiaioTca nojiHMopc|)HbiMH. HaOniouajiHCb paajiHHHH xax Mexcuy oco6amh b npeaenax napare- 
MHnonynauHH, Tax h pa3nHHHa no nacTOTaM anneneii Mexcay rpynnHpoBxaMH. B Tpex 
HccjieuoBaHHbix TOHxax (ry6a flxoBneBa, 6yxTa CenbuaHaa h o. rinocxaa Jlyaa), no 
npeuBapHTejibHbiM uaHHbiM, reHeTHHecxaa BapnaOenbHOCTb napa3HTOB 6buia HaHOonbiueii, 
b cbh3h c neM Hauie uaJibHeiiiiiee BHHMaHHe 6biJio cxoHueHTpnpoBaHO Ha rpynnnpoBxax 
napa3HTOB H3 sthx 3 Tonex. H3 Bcex npoTecTHpoBaHHbix npaiiMepoB HanOonee noaxoua- 
iuhm aaa aHann3a reHeTHHecxoii CTpyxTypbi M. piriformes oxa3anca npaiiMep PR#4 
(5’—AAGAGCCC GT— 3 ’), a ana M. pygmaeus — OPH-20 (5 — GGGAGACATC—3’). 


2. Pa3JiHHna reHeTHHecxoro cocTaBa Mexcay napareMHnonynauHaMH 

2.1. M. piriformes. CBa3b napaxceHHoii cocraBjiaiomeH cpeabi oOHTaHHa 3Toro BHaa 
c ero reHeTHnecxoH H3MeHHHBocTbio npoaHajiH3HpoBaHa Ha npHMepeuByx npoMexcyTOHHbix 
xo3aeB L. saxatilis u L. obtusata (Ta6ji. 1). HtoOm HCXjnoHHTb BjinaHne reorpa^Hnecxoro 
(})axTopa npoH3BoaHjin nonapHbie cpaBHeHna napareMHnonynaunn aJifl xaxcaoii H3 Tpex 
Tonex c6opa npo6 (ry6a ^IxoBaeBa, 6yxTa CeabaaHaa, o. nnocxaa Jlyaa). 

npn npoBeaeHHH xnacTepHoro aHajiH3a Bcex napa3HTOB H3 ouhoh reorpa^HHecxoii 
tohxh paccMaTpnBajiH xax oaHy coBOxynHOCTb. AHajiH3 noayneHHbix aeHuporpaMM noxa- 
3aa, hto reMnnonynauHH M. piriformes b xaxcaoii Tonxe c6opa c^opMHpoBaHbi asyMa 
6onee hhh MeHee neTxo pa3aHHHMbiMH reHeTHnecxHMH rpynnnpoBxaMH (pnc. 5). CpaBHe¬ 
HHe noayneHHbix rpynnnpoBOx MeToaoM y} noaTBepxcaaeT HajiHHHe reHeTHnecxoH reTepo- 
reHHOCTH aaa reMHnonyaauHH 6yxTbi CeabaaHaa (p = 0.0001); 6jih3xhh x ^opMaabHoii 
CTaTHCTHHecxoii 3HaHHMOCTH pe3yjibTaT noayneH Taxxce aaa reMHnonynauHH ry6bi ^[xob- 
neBa (p = 0.051). B cjiynae reMHnonyaauHH M. piriformes c o. riaocxaa Jlyaa npHMeHeHHe 
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Ta6;iHua 1 

06i»eM MaTepnajia, Hcnojib30BaHHoro aim cTaTHCTHMecKOH o6pa6oTKH 
Table 1. The characteristic of samples 


X03HHH 

MecTO c6opa 

ry6a flKOBJieBa 

6yxra CejitjwHafl 

o. IljiocKaH Jlyaa 


Microphallus piriformes 


Littorina saxatilis 

23 

20 

15 


37 % (n = 100) 

28 % (n = 420) 

8.6 % (n = 140) 

Littorina obtusata 

20 

20 

15 


13 % (n = 283) 

7.5 % (n = 320) 

2.96 % (n = 506) 


Microphallus pygmaeus 


Littorina saxatilis 

10 

8 

15 


18 % (n = 100) 

1.91 % (n = 420) 

34.3 % (n = 140) 

Littorina obtusata 

16 

11 

10 


5.7 % (n = 283) 

3.4 % (n = 320) 

2.96 % (n = 506) 

Littorina littorea 

12 


10 


6.5 % (n = 185) 


6.7 % (n = 145) 


ripHMeHaHHe. Hhcjio b BepxHew CTpoxe — kojihhcctbo cnopoiwcT H3 oxaejibHux 
MOJIJIIOCKOB, B3HTMX AIM aMIUIH<l>HKaiIHH, B HFDKHeH — 3KCTCHCHBHOCTb HHBa3HH (%) B 
KaxcaoH HccjieaoBaHHOH nonyjinuHH oahhm H3 bhjiob napa3HTOB h hhcjio bckputmx 
MOJIJIIOCKOB (n). 


xecTa x 2 hcbo3mo)kho H3-3a Toro, hto oxtHflaeMbie nacTOTbi MeHee 5 ana 2 H3 3 miacTepoB. 
flna 3Toro nocjie^Hero cjiynaa moxcho OTMeTHTb HajiHHHe o;*Horo KjiacTepa, cc})opMHpo- 
BaHHoro TpeMaTo^aMH TOJibKO H3 L. obtusata. 

FIonapHoe cpaBHCHHC napareMHnonyjiauHH M. piriformes H3 L. saxatilis h L. obtusata 
R x C TecTOM Onuiepa Taicxce noKa3biBaeT bjihhhhc BH,aa npoMexcyTOHHoro xo3aHHa Ha 
reHeTHnecKyio CTpyKTypHpoBaHHOCTb reMHnonyjiHUHH napa3HTa ajih 2 H3 3 HCCJieaoBaHHbix 
Tonex (Ta6ji. 2). 

2.2 M. pygmaeus. Rnsi stoto BH^a TpeMaTO.it HCCJieflOBaHbi TpH napaKceHHbie nacTH 
reMHnonyjiauHH, CBH 3 aHHbie cootbctctbchho c L. saxatilis , L. obtusata h L. littorea 
CraGji. 1). flaHHbie CBHjjeTejibCTByioT 06 oTcyTCTBHH cymecTBeHHOH reHeTHnecKOH noapa3- 
fleJieHHOCTH B COOTBeTCTBHH C HCnOJIb3yeMbIMH npOMexeyTOHHbIMH X035ieBaMH (Ta 6 jl. 2). 
EflHHCTBeHHaa TeHfleHUHfl HepaBHOMepHoro pacnpeflejieHHH reHOTHnoB OTMeneHa Ha 
o. UrcocKafl Jly^a. 3^ecb oOHapyxceHbi OojibiiiHe otjihhha reHOTHnoB TpeMaTo;*, napa 3 HTH- 
pyioutHX b L. littorea: x 2 — cpaBHeHHe rpynnHpoBOK M. pygmaeus H 3 » L. littorea h 
M. pygmaeus H 3 L. saxatilis+L. obtusata noKa 3 biBaeT CTaTHCTHnecKH 3 HaHHMbie pa 3 JiHHHfl 
( X 2 = 13.08; p = 0.0003). B to xce BpeMfl nonapHoe cpaBHeHHe naparpynnHpoBOK H3 
pa3HbIX BHflOB X03HeB pa3JIHHHH He BblflBJIfleT (Ta 6 jl. 2). 


3. MHKporeorpacfjHHecKafl noflpa3flejieHHOCTb jiOKajibHbix reMHnonyjiflUHH 

3.1 M. piriformes. YHHTbiBaH reHeTHnecKHe pa3JiHHHH napareMHnonyjiaitHH M. piri¬ 
formes H3 L. saxatilis h L. obtusata , npw HCCJie^OBaHHH ypoBHH MHKporeorpacJ)HHecKOH 
CTpyKTypHpoBaHHOCTH rpynnHpoBKH H3 Kaxcfloro BH^a xo3HHHa paccMaTpHBajiHCb pa3^ejib- 
ho. R x C TecT BbiaBjiaeT pa3JiHHHH reHeTHHecKOH CTpyKTypw M. piriformes b Hccjieao- 
BaHHbix TOHKax (Ta6ji. 3). MaxcHMajibHbie pa3JiHHHH b nacTOTe ajuiejieH oTMeneHbi Mexmy 
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Phc. 5. flefmporpaMMa, nojiyneHHaH Ha ocHOBe loiacTepHoro aHa^H3a (c Hcnojib30BaHHeM Ward’s 
method, Euclidean distances), juin M. piriformes. 

a — U3 L. saxatilis (n = 20) h L. obtusata (n = 20) OyxTa Cejiba«Ha«; 6 — H3 L. saxatilis (n = 15) h L. obtusata (n = 14) 
o. IlnocKafl Jlyaa; S — L. saxatilis ; 0 — L. obtusata. 

Fig. 5. Tree obtained by cluster analysis (Ward’s method, Euclidean distances) for M. piriformes. 


nonyjiauHHMH o. RnocKaH Jlyaa h 6 yxTbi CeJibflflHOH (t. e. Mexoty HawGojiee yaajieHHbiMH 
TOHKaMH). B MeHbuieH CTeneHH, ho Taicxce CTaTHCTHnecKH 3HanHMO, o 6 oco 6 jieHbi rpyniiH- 
poBKH napa3HTOB ry 6 bi flKOBJieBa h o. HriocKafl Jly^a. Hto KacaeTca cpaBHeHHH napa3HTOB 
H3 ry 6 bi ^KOBJieBa h 6 yxTbi CejibflflHOH, to TecT CBHfleTejibCTByeT 06 hx cxo^hom 
reHeTHnecKOM cocTaBe. 

AHajiorHHHoe HccJie^OBaHHe, npoBe^eHHoe ;yifl rpynnHpoBOK M. piriformes H3 L. ob¬ 
tusata, Taxxce noKa3ajio HajiHHHe reHeTHnecKOH no^pa3^ejieHHOCTH (pnc. 6). B otjihhhc 
ot npe^bwymero cjiynaa HanGojiee tomotchhoh h reHeTHnecKH o6oco6jieHHOH OKa3ajiacb 
rpynnHpoBKa napa3HTOB H3 6yxTbi CeJibflflHOH. 3to noflTBepxutaeTca h aaHHbiMH R x C 
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Ta6jiHua 2 

Pe3y;ibTaTbi R x C TecTa Omiiepa nnn cybnonyjumnoHHbix rpynnnpoBox 
M. piriformes w M. pygmaeus , cBH3aHHbix c pa3JiHMHbiMH BH/taMH mojijiiockob 


Table 2. The results of the R x C Fisher’s test for the subpopulations M piriformes 
and Mi pygmaeus , infesting different paraxenic intermediate hosts (different species of snailes) 


MecTo c6opa 

FlapareMHnonyjiHUHH Mmcpocfcajuina H3 Littorina saxatilis 
h Littorina obtusata 


Microphallus piriformes 

Microphallus pygmaeus 

Ty6a JIxoBJieBa 

*2 = 39.5 

*2=14.8 


df = 40 

df = 36 


p = 0.495 

p= 1 

ByxTa CejibaflHan 

X 2 = 81 

*2=11.12 


df = 40 

df = 36 


p = 0.0001 

P= 1 

0. FIjiocxaH Jlyaa 

*2 = 62.2 

X 2 = 19.05 


Q. 

II 

O 

df = 36 


p = 0.0139 

p = 0.99 


Microphallus pygmaeus H3 Litto¬ 
rina saxatilis h Littorina littorea 

Microphallus pygmaeus H3 Litto¬ 
rina obtusata h Littorina littorea 

Ty6a flxoBJieBa 

*2=11.2 

X 2 = 10.5 


df = 36 

df = 36 


p= 1 

P=1 

0. fljiocxaH Jlyaa 

*2 = 36.2 

X 2 = 46.2 


df = 36 

df = 36 


p = 0.46 

p = 0.12 


flpHMeHaHHe. JXrsi Kaacaoro MecTa h coneTaHHH napareMnnonyjumHH npHBe^eHbi cyMMapHue 
oueHKH no BceM no;iHMop4>HbiM JioKycaM. 


TecTa (Ta6ji. 3). OcTaBiiiHeca jxesl xnacTepa ccJ)opMHpoBaHbi b ochobhom TpeMaTO^aMH ry6bi 
^KOBjieBa h o. rinocKaa Jlyaa. 3th ABe nocjieflHne rpynnnpoBxn He pa3JiHHaiOTca no 
flaHHbiM R x C TecTa, t. e. npeacTaBjiaioT eflHHyio reHeTHHecxyio coBOKynHOCTb. OTMe- 
thm, hto M. piriformes b xaxcaoH H3 sthx AByx Tonex cymecTBeHHO OTJiHHaiOTCfl ot 
rpynnnpoBKH napa3HTa b L. obtusata ry6bi Cejib^aHOH. 

3.2 M. pygmaeus. Kax 6buio OTMeneHO b pa3,aejie 2.2, ;uih 3toto BH^a TpeMaTOfl He 
BbiaBjieHO cymecTBeHHOH reHeTHHecxon no ( apa3,aejieHHOCTH b cooTBeTCTBHH c napaxceH- 
hmmh BH^aMH xo3aeB. B CBH3H c 3thm nccjieflOBaHHe MHxporeorpac^HHecxoH no ( apa3,ae- 
jieHHOCTH npoBe^eHO Ha Bceii coBoxynHOCTH flaHHbix BHe 3aBHCHMOCTH ot BH,aa npoMexcy- 
TOHHoro xo3anHa. Ha nojiyneHHOH xteHflporpaMMe (pnc. 7) neTxo BbmejunoTca Tpn xnac- 
Tepa, o6pa30BaHHbie npenMymecTBeHHO napa3HTaMH H3 ry6bi flxoBjieBa («1»), c 
o. Fljiocxaa Jlyaa («2»), h H3 6yxTbi Cejib^aHOH («3»). Heo6xoanMO OTMeTHTb Bee ace, hto 
xnacTepbi xapaxTepn3yiOTca jinuib xojiHHecTBeHHbiM npeo6jia,aaHHeM napa3HTOB H3 onpe- 
flejieHHoro MecTa; b xaxcflbin H3 hhx nona^aioT h aaHHbie no TpeMaTO^aM H3 jx Byx flpyrnx 
Tonex. 

Flo pe3yjibTaTaM R x C TecTa (Ta6n. 3) HanGonee reHeTHHecxn o6oco6jieHa rpynnnpoB- 
xa M. pygmaeus H3 6yxTbi CejibflflHOH. Hecxonbxo b MeHbuien CTeneHH, xota Taxxce 
CTaTHCTHHecxn 3HaHHMO pa3JiHHaiOTC5i nonyjiauHH M. pygmaeus ry6bi flxoBjieBa h 
o. fljiocxaa Jlyaa. 
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Ta6anua 3 

Pe3yjibTaTM R x C TecTa Onrnepa aaa cy6nonyaauHOHHbix rpynnHpoBOK 
M. piriformes h M. pygmaeus H3 pa3Hbix reorpa(J)HHecKHX MecT 


Table 3. The results of the R x C Fisher’s test for the subpopulations Mi piriformes 
and Mi pygmaeus from different geographic localities 


MecTo c6opa 

Microphallus piriformes 

ry6a flxoBaeBa 

6yxTa CejibaHHaa 

o. riaocxan Jlyaa 

Ty6a RxoBJieBa 


X 2 = 46.88 
df = 40 

p = 0.211 

X 2 = 68.56 
df = 40 
p = 0.0033 

Eyxra CeabanHaa 

X 2 = 100.44 
df = 40 

p< 0.0001 


X 2 = 101.83 
df = 40 

p< 0.0001 

0. riaocKaa Jlyaa 

X 2 = 49.04 
df = 40 
p = 0.154 

X 2 = 108.62 
df = 40 

p < 0.0001 

_ 


Microphallus pygmaeus 


ry6a flxoBaeBa 

6yxTa CeabaHHaa 

o. riaocKaa Jlyaa 

Ty6a flxoBaeBa 


x 2 = 81.82 
df = 36 

p < 0.0001 

X 2 = 58.7 
df = 36 

p = 0.01 

Eyxra CeabanHaa 



x 2 = 80.76 
df = 36 

p < 0.0001 

0. flaocKaa Jlyaa 


_ 



IlpHMeHaHHe. Haa awaroHanbio — 3HaneHHH x 2 h ypoBHH 3HaHHMocTH juir napa3HTOB M3 L. saxatilis] noa 
awaroHaabio — H3 L. obtusata ; ana Kaacaoro MecTa h coneTaHHa napareMnnonyaauMH npwBeaeHbi cyMMapHbie ouchkm 
no BceM noaHMopcfjHbiM aoxycaM. 


4. 06o6meHHbiH aHajiH3 nacTOTHoro pacnpeaejieHHH ajuiejien 
b nony^auHHx M. piriformes w M. pygmaeus 

KoMruieKCHbiH aHajiH3 bjihhhhh napaxceHnn h MHKporeorpacjDHHecKoii noapa3aejieH- 
hocth Bbino^HeH MeTO^OM nraBHbix KOMnoHeHT. B xanecTBe HexoaHbix aaHHbix Hcnojib- 
30BaHbi cpe^HHe nacTOTbi ajuiejien no nonyjiHUHHM. B aonojiHeHHe k yace oGcyacaaBiiiHMCH 
AaHHbiM no TpeM TOHKaM panoHa ry6bi Hyna b aHann3 BKjnoHeHbi pe3yjibTaTbi HCCJieaoBaHHfl 
reHeTHnecKoro cocTaBa rpynnnpoBOK M. piriformes EapeHueBa Mopa h M. pygmaeus 
EapemteBa n CeBepHoro Mopen. 

Ana M. piriformes 73.4 % o6mero BapbnpoBaHHH o6t>hchhiotch coBMecTHbiM BJiHHHneM 
AByx (JjaKTopoB (pnc. 8, a). Ha nepBbiH c^axTop npnxoanTCH 57.2 % BapbnpoBaHHH, Ha 
BTopon — 16.2 %. AHajiornHHbie aaHHbie no M. pygmaeus TaxoBbi: o6a (})aKTopa o6t>hc- 
hhiot 83.9 % o6mero BapbHpoBaHna (68.5 n 15.4 % Ha nepBbiH h BTopon (J)aKTopbi 
cooTBeTCTBeHHo) (pnc. 8 , 6 ). 

PacnpeaejieHHe nepeMeHHbix, OTpaacaiomHX reHeTHHecxyio CTpyKTypy nonyjiauHOHHbix 
rpynnHpoBOK M. piriformes b npocTpaHCTBe rnaBHbix KOMnoHeHT, xapaKTepH3yeTca aocTa- 
tohho KOMnaKTHOH rpynnon nepeMeHHbix c bmcokhmh Harpy3KaMH no nepBOMy (JjaKTopy 
(pnc. 8, a). 3to rpynnnpoBKH napa3HTOB H3 o6ohx bhaob xo3aeB nonyjiauHH rydbi 
flKOBjieBa h o. rinocKaa Jlyaa. Oco6hhkom pacnonaraiOTCfl nepeMeHHbie, xapaKTepH3yio- 
mne M. piriformes H3 6yxTbi CenbaflHOH. llpn stom napareMHnonyjiauHH 3Toro napa3HTa 
H3 L. saxatilis h L. obtusata oTHocmejibHO cnjibHo pa3JiHHaiOTCfl Meacay co6oh Harpy3xaMH 
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Phc. 6. flenaporpaMMa, nojiyneHHaH Ha ocHOBe KJiacTepHoro aHajiH3a (h Hcnojib30BaHHeM Ward’s 
method, Euclidean distances), ruin M. piriformes H3 L. obtusata H3 pa3Hbix reorpa(|)HHecKHX MecT. 

c — 6yxTa CejiwmHafl, n = 20; n — o. fLiocicafl Jlyaa, n = 14; r — ry6a flKOBJieBa, n = 20. 

Fig. 6. Tree obtained by cluster analysis (Ward’s method, Euclidean distances) for M. piriformes habited 

different geographic points. 
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Phc. 7. flerntporpaMMa, nojiyneHHaH Ha ocHOBe KJiacTepHoro aHajiH3a (c Hcno;ib30BaHHeM Word’s 
method, Euclidean distances), juih M. pygmaeus (n = 76) cyMMapHo H3 Bcex bhaob npoMeacyroHHbix 

xo3neB H3 pa3Hbix reorpa<i>HHecKHx MecT. 

S — L. saxatilis', O — L. obtiisata\ L — L. littorea; JA — ry6a flKOBJieBa; PL — o. UrcocKaa Jlyaa; SE — 6yxTa Ce;ib- 

AHHan. 

Fig. 7. Tree obtained by cluster analysis (Ward’s method, Euclidean distances) for M. pygmaeus (n = 76) 
from all intermediate hosts and different geographic habitats. 
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Phc. 8. Pe 3 y;ibTaTbi KOMnoHeHTHoro aHajuna reHeTHHecicofi no,apa 3 1 aejieHHocTH rpynnHpoBOK ocoGeft 
M. piriformes (0) h M. pygmaeus (6) H3 pa3JiHHHbix bhaob xo 3 HeB h H3 pa3Hbix Tonex c6opa. 

SAX — L. saxatilis', OBT — L. obtusata', LIT — L. lit to re a\ % — ry6a ^KoancBa; FIJI — o. FLiocKaH Jlyaa; CE — 6yxra 
CcJibaHHan; EM - - BapcHucBO Mope; CM — Ccbcphoc Mope. 

Fig. 8. The results of component analysis genetical differentiation M. piriformes (a) and M. pygmaeus ( 6) 
groups from different intermediate hosts and different geographic points. 

no nepBOMy c{}aKTopy. HHTepecHO OTMeTHTb, hto aaHHbie no 6apeHiteBOMopcKHM TpeMa- 
TOflaM (h 3 L. saxatilis) npaKTHHecKH nojiHOCTbio coBna^aioT no opaHHaunn c rpynnnpoB- 
koh M. piriformes H3 L. obtusata 6yxTbi CejibflflHOH. 

Cxo^Hbie TeHfleHUHH OTMeneHbi h ajih pacnpeaejieHHH nepeMeHHbix, xapaKTepH3yiomHX 
reHeTHHecKyio CTpyxrypy M. pygmaeus (pnc. 8, 6). Elite 6onee hctko b bittejix iotch rpyn- 
nnpoBKH, CBH3aHHbie c MHKporeorpacf)HHecKOH H3MeHHHBOCTbio reHeTHnecKoro cocTaBa. 
IlnoTHaH rpynna nepeMeHHbix c BbicoKHMH 3HaneHHHMH Harpy30K no nepBOMy cf)aKTopy 
BKjnoHaeT TpeMaTOA H3 pa3Hbix xo3xeB, co6paHHbix b ry6e HxoBjieBa h Ha o. rLnocKax 
Jlyaa. Oco6hhkom ot stoh rpynnbi ctoht nepeMeHHbie, xapaKTepH3yiomHe M. pygmaeus 
6yxTbi Cejib^HHOH, npHHeM h b stom cjiynae napaxceHHbie pa3JiHHHx Mexctty rpynnnpoB- 
KaMH H3 AByX BHflOB X035ICB npaKTHHecKH He BbipaXCeHbl. 

OGpamaeT Ha ce6x BHHMaHne pa 3 JiHHne nojioxceHnx nepeMeHHbix, xapaKTepn 3 yiomHx 
napa3HTOB c o. ELnocKax Jlyaa. Ecjih TpeMaToabi H3 L. saxatilis h L. obtusata xapaKTepn- 
3 yioTCH cxoAHbiMH oco6eHHOCTHMH reHeTHHecKOH CTpyKTypbi, to rpynnnpoBKa sthx 
napa3HTOB H3 L. littorea cymecTBeHHO ot hhx OTJiHHaeTCx. CooTBeTCTByiomax nepeMeHHax 
06/iaflaeT flnaMeTpajibHO npoTHBononoxcHbiMH (b cpaBHeHHH c napaxceHHbiMH rpynnnpoB- 
kbmh) Harpy3KaMH no o6ohm cJ)aKTopaM. Hto KacaeTex aaHHbix no nonyaxunxM M. pyg¬ 
maeus EapeHiteBa h CeBepHoro Mopen, to hx opanHaunx OKa3biBaeTCx cxo^hoh Mexcay 
co6oh; ohh hmciot npoMexcyroHHbie 3 HaneHHx Harpy 30 K no nepBOMy ^aKTopy Mexcay 
rpynnaMH 6ejiOMopcKnx nonyjixitHH. 
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OEcyayjEHHE 


Pa3BHTHe MeTauepxapHH BHyrpn uonepHHx cnopouHCT y Bcex bhaob MHxpoc|)ajiJiHA 
rpynnbi «pygmaeus» nponcxouHT chhxpohho. H3bcctho, hto jihhhji repMHHaTHBHbix 
KJieTOK, uaioiuafl Hanajio MeTauepxapnjiM, paHO oGocoGjmeTCfl b 0HT0reHe3e, a cj)opMHpo- 
BaHHC nocjie^HHx nponcxouHT b pe3yjibTaTe napTeHoreHe3a (rajiaxTHOHOB, floGpoBOJib- 
ckhh, 1998). XapaKTep npojincjiepaTHBHOH aKTHBHOCTH repMHHajibHbix Macc uonepHero 
noKOJieHHa MHKpoc})ajiJiH^ uaeT ocHOBaHHe cuejiaTb npeunojioxceHHe, hto ccJ)opMHpoBaH- 
Hbie MeTauepxapHH npeucTaBJunoT coGoh OAHopouHbiH reHeTHnecxHH MaTepnaji. OuHaxo, 
bhuhmo, H3-3a Kaxcymenca ohcbhahocth 3Toro c})aKTa KaKoro-JiH6o np^Moro reHeTHnec- 
koto aHajiH3a nyjia MeTauepxapHH BHyTpn oxaejibHOH cnopouncTbi uo chx nop hhkto He 
npoBOUHji. B cbh3h c 3thm oGHapyxceHHaa HaMH reHeTHHecKaa reTeporeHHOCTb MeTauep¬ 
KapHH bhuob M. pygmaeus (ptfc. 2) h M. pseudopygmaeus (uaHHbie He npnBeueHbi) 
OKa3ajiacb coBepmeHHO HeoxcnuaHHOH. Jinn M. piriformes He 6buio BbWBJieHO hh ouhoto 
cjiynaa otjihhhh MeTauepxapHH upyr ot upyra b npeuenax oahoh cnopouHCTbi. IlocjieuHee 
o6cTOATejibCTBO, a Taxxce onbiTbi, noKa3aBuiHe OTcyTCTBHe bjihhhhh KOHueHTpaunn JJHK 
Ha pe3yjibTaTbi FILIP peaxunn (pnc. 2), uaioT ocHOBaHHe 3aKJii0HHTb, hto BbWBJieHHaa 
HeouHopouHOCTb He ^BJi^eTCH MeTOUHHecKHM apTecJ)aKTOM. CneuoBaTejibHO, cKopee Bcero, 
Mbi HMeeM uejio c peajibHO pa3HbiM reHeTHnecKHM MaTepnanoM y MeTauepxapHH Mnxpo- 
(J)ajuiHu, ouHaxo noxa TOJibxo moxcho cnexyjiHpoBaTb o B03MoxcHbix npHHHHax h MexaHH3- 
Max reHOMHbix nepecTpoex. 

Jljin MHKpocJ)ajiJiHU, Kax h jinn mhothx upyrax bhaob TpeMaTOA, xapaxTepHO ABJieHHe 
napaxceHHH — cnocoGHOCTb ouHoro BHua napa3HTHpoBaTb b pa3JiHHHbix BHuax xo3aeB. 
Cpeua o 6 HTaHHa pa3Hbix napareMHnonyjiauHH napTeHHT pa3JiHHHa, hto OTpaxcaeT moxbh- 
UOBbie pa3JiHHHfl xo3aeB. OGHapyxceHHaa HaMH reHeTHHecxaa HeouHopouHOCTb M. pirifor¬ 
mes H3 pa3HbIX BHUOB JIHTTOpHH MOXCeT MapKHpOBaTb BHyTpHBHAOByiO H3MeHHHBOCTb 
TpeMaTOu b cooTBeTCTBHH c noupa3AejieHHOCTbio npoMexcyroHHbix xo3aeB. flonojiHHTejib- 
hoh npHHHHOH oGHapyxceHHbix napaxceHHbix pa3JiHHHH MoxceT cnyxcHTb 6 ojiee hjhpoxhh 
cnexTp oxoHHaTejibHbix xo3aeB, xapaxTepHbin ujia M. piriformes (TajiaxTHOHOB, 1993). 
rio-BHUHMOMy, eiue paHO roBopHTb 06 o 6 ocHOBaHHbix rnnoTe3ax, oG'bflCHaioiuHX reHeTH- 
Hecxyio pa3HOKanecTBeHHOCTb napareMHnonyjiauHH. Ohcbhaho, hto juin npoacHeHHa 
Bonpoca HeoGxouHMO npoBecTH reHeTHnecxHH aHajiH3 CTpyxTypbi xax reMHnonyjiauHH 
UonepHHx cnopouHCT, Tax h repMac|)poAHTHoro noxojieHHa. Otmcthm TOJibxo, hto HaGjuo- 
uaeMaa reTeporeHHOCTb Hea 6 cojiioTHa. OHa npoflBjmeTCfl He bo Bcex oGcjieuoBaHHbix 
TOHxax h HMeeT xapaxTep nacTHHHOH noupa3uejieHHOCTH. 

FIouTBepxcueHHe HajiHHHa napaxceHHOH reHeTHHecxon noupa3uejieHHocTH y TpeMaTOu 
moxcho HaiiTH b jiHTepaType. Tax, ajia Fasciola hepatica 6biJin noxa3aHbi reHeTHnecxHe 
pa3JiHHHA MapHT, napa3HTHpyioLUHx b xpojiHxax h nonyjiauHax xpynHoro poraToro cxoTa 
(aHajiH3 npoBouHJica mctoaom RAPD) (CeMeHOBa h up., 1995). Ilpn stom reHeTHHecxne 

pa3JIHHH« MeXCUy CjiaCUHOAaMH H3 pa3HbIX OKOHHaTeJIbHbIX X03JieB npeBOCXOUHJIH pa3AHHHfl, 
nojiyneHHbie aha rpynnnpoBox MapHT H3 yuajieHHbix upyr ot upyra reorpac{)HHecKHX MecT. 
Eiue oAHy HJunocTpauHio moxcho HaHTH b paGoTax OjieTnepa h Byupoc^a c coaBTOpaMH, 
nocBameHHbix H3yneHHio reHeTHnecxoro nojiHMopcj)H3Ma h reTepo3HroTHOCTH y JiaGopa- 
TOpHblX J1HHHH UIHCT030M, nOAAepXCHBaeMbIX C HCn0Jlb30BaHHeM pa3HbIX OKOHHaTeJIbHbIX 
xo3aeB: jihhhh S. mansoniy xoTopbie AOJiroe BpeMa BejiHCb nepe3 MbimeH OTjiHHaiOTCfl 
ropa3uo GoJiee hh3xhm ypoBHeM nojiHMopc|)H3Ma h reTepo3HroTHOCTH, neM Te, aha bcachha 
xoTopbix Hcnojib30BajiHCb o6e3baHbi (Fletcher e. a., 1981; Woodruff e. a., 1987). flajibHen- 
uine HCCJieuoBaHHH noxa3ajiH, hto CHHXceHHe reTepo3HroTHOCTH nponcxoAHT b pe3yjibTaTe 
OTGopa B OKOHHaTeJIbHOM X03flHHe, HanpaBJieHHOrO npOTHB HeKOTOpbIX H30(J)epMeHTHbIX 

ajuiejien (LoVerde e. a., 1985). 

MHxporeorpacJ)HHecKaH noupa3AejieHHOCTb rpynnHpoBOK TpeMaTOA Taxxce ocTaeTca 
npaxTHHecxH HeH3yneHHOH. OuHaxo Hauo OTMeTHTb paGoTy Bespa h ByjiaTa (1998), 
b xoTopoH aBTopbi noxa3ajiH MHxporeorpac|)HHecKHe reHeTHHecxne pa3JiHHHa uepxapHH 
Trichobilharzia ocellata b npeuejiax boaocmob r. MocxBbi. K coxcajieHHio, b paGoTe 
npHBOAJITCfl TOJIbKO SJieXTpO^OpeipaMMbl H HeT CTaTHCTHHeCKOH oGpaGOTKH AaHHbIX, 
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HTo6bi cy^HTb o CTaTHCTHHecKOH 3HaHHM0CTH nojiyneHHbix pe3yJIbTaTOB. ropa3^0 UIHpe 
npe,acTaBJieHbi pa6oTbi no cpaBHeHHio reHeTHnecxoro cocTaBa TpeMaToa H3 npocTpaH- 
CTBeHHo yaajieHHbix panoHOB, xotx h 3£ecb nojiynaeMbie aaHHbie xpaiiHe npoTHBopenHBbi. 
HanpnMep, juin bh^ob po^a Schistosoma oOHapyxceH coBepuieHHO pa3Hbin ypoBeHb 
reHeTHnecxoro BapbnpoBaHHx. HeTo OTMenaeT yaHBHTejibHO bmcoxhh ypoBeHb reHeTHne- 
CKoro cxo^CTBa h 30 jihtob S. mansoni H3 yuajieHHbix reorpac})HHecxHX Tonex (Neto e. a., 
1993). Pe3yjibTaTbi RAPD aHajiH3a reHOTnnoB napa3HTOB H3 6 mcct Ha TeppHTopnn 
Bpa3HjiHH noKa3ajin Jinuib 10 %-HbiH ypoBeHb pa3JiHHHH Mexc^y napa3HTaMH. Byapac}) 
(Woodruff e. a., 1987) o^HOBpeMeHHo OTMenaeT 3HanHTejibHyio reHeTHnecxyio ^nc})C^epeH- 
unauHio fljix rpynnnpoBOK S. japonicum b npe^enax OnjiunnwH h nojiHoe OTcyTCTBne 
TaxoBon fljm S. nekongi b npe^ejiax JIaoca. fleiiBHC h ap., Hcnojib3yx mctoa RAPD, 
oOHapyxcHBaiOT 3HaHHMyio reHeTHnecxyio no;jpa3;jejieHHOCTb S. haematobium Ha ropa3flo 
MeHbuien TeppHTopun, Mexc^y ;jByMx px;joM pacnojioxceHHbiMH penHbiMH CHCTeMaMH 
(Davies e. a., 1999). HaOjiio^aeMyio reHeTHnecxyio noApa3^ejieHHOCTb oneHb TpyaHO 
cooTHecTH c ^encTBneM xaxHX-jin6o xoHxpeTHbix $axTopoB. Tax, npn H3yneHHH Fascio- 
loides magna Ha aocraTonHo oOuinpHon TeppHTopnn 6bma BbixBJieHa 3HanHMax reHeTH- 
necxax no^paa^ejieHHocTb stoto BHjia (Mulvey e. a., 1991). OflHaxo aBTopaM He yaanocb 
CBX3aTb HaOjuo^aeMyio no^pas^ejieHHocTb hh c reHOTHnoM oxoHnaTejibHoro xo3HHHa, hh 
c reorpac|)HHecxHM paccroxHHeM Mexc^y TonxaMH c6opa. Oahhm H3 HeMHornx nccneflOBa- 
HHH, npO^eMOHCTpHpOBaBUIHM CBH3b nOApa3^eJieHHOCTH nOnyJIHUHH npOMexeyTOHHbIX 
xo3aeB h reHeTHHecxoH nojipasjiejieHHOCTH napa3HTOB, 6bma paOoTa JIhbjih, BbinojiHeHHax 
Ha cncTeMe TpeMaTojjbi Microphallus spp. —mojuiiocxh Potamopyrgus antipodarum (Live¬ 
ly, 1989). Mojijiiocxob coOnpajin H3 Tpex 6jiH3xopacnojioxceHHbix 03ep. MeTauepxapnH 
H3 3apaxceHHbix mojijiiocxob cxapMJiHBajin MbiuiaM h nojiynajin xnua ot nojiOB03pejibix 
MapnT jinx nocjiejiyiomero nepexpecTHoro 3apaxceHHx mojijiiocxob. OnbiTbi noxa3ajin, hto 
ycneuiHee Bcero 3apaxcaiOTCH mojuiiocxh napa3HTaMH, B3XTbiMH H3 «CBoero» 03epa. TaxHM 
o0pa3OM, 6buia noxa3aHa CBH3b reHeTHHecxoH no;ipa3jiejieHHocTH npoMexcyroHHbix xo3xeB 
c reHeTHHecxoH CTpyxTypon nonynxuHH napa3HTOB. HHTepecHo oTMeTHTb, hto oOHapy- 
xceHHbiii aBTopaM h BbicoxHH ypoBeHb MHrpauHH oxoHHaTejibHbix xo3aeB He Hapymaji 3Ty 
reHeTHHecxyio no;ipa3jiejieHHOCTb. 

Ha ocHOBe nojiyneHHoro hbmh MaTepnajia moxcho cjiejiaTb npe^nojioxceHHe, hto 
CTpyxTypHpoBaHHOCTb nonyjixuHH MHxpo$ajuiHji 3aBHCHT ot nonyjixuHOHHOH CTpyxTypbi 
h MoOHJibHOCTH b npocTpaHCTBe npoMexcyroHHbix h oxoHHaTejibHbix xo3xeB h reorpac|)H- 
necxoH CTpyxTypHpoBaHHOCTH apeana. B HCCJiejiyeMOH CHCTeMe jiHTTopHHHflbi oOjiaaaiOT 
He3HaHHTejibHOH cnocoOHOCTbio x nepeMemeHHHM, noaTOMy ochobhoh BXJiaa b reHeTHHe¬ 
cxyio CTpyxTypHpoBaHHOCTb reMHnonynxuHH M. pygmaeus h M. piriformes b MacurraOe 
ycTbeBOH nacTH ry6bi Hyna, BepoxTHee Bcero, bhocxt oco6chhocth pacnpocTpaHeHHx h 
MHipaUHH oxoHHaTejibHbix X03XeB, a B03M0XCH0, H HX BHflOBOH COCTaB. MeTOfl maBHblX 
xoMnoHeHT (pnc. 8) HanixOTO ^eMOHCTpnpyeT o6oco6jieHHoe nojioxceHHe rpynnHpoBox 
o6ohx bhjiob napa3HTOB H3 6yxTbi Cejib^xHOH. JIorHHHO npeanojioxcHTb, hto cymecTByiOT 
h cooTBeTCTByiomne nacTHHHO noApa3^ejieHHbie rpynnnpoBXH oxoHHaTejibHbix xo3xeB, 
npHyponeHHbie x «6ojiee xyTOBOH» h «6ojiee mophctoh» nacTXM ry6bi Hyna. 

Mbi He oOHapyxcHjiH cymecTBeHHOH Maxporeorpa^Hnecxon ^HcJjcJjepeHUHauHH nony- 
jixuhh TpeMaTOfl. O^Haxo HeOojibinoH o6i>eM ncnojib30BaHHoro no EapemjeBy h CeBep- 
HOMy MopxM MaTepnajia He no3BOJixeT c^ejiaTb oxoHHaTejibHbix BbiBOflOB h TpeOyeT 
npoBe^eHHx ^onojiHHTejibHbix HCCJie^OBaHHH. 

PaOoTa no^epxcaHa MOJio^excHbiM rpaHTOM npe3H,aHyMa Axa^eMHH Hayx cobmcctho c 
POCCHHCXHM C})OH^OM (JiyH^aMeHTaJIbHblX HCCJie^OBaHHH H HaCTHHHO rpaHTOM IIlBe^CXOH 
axa^eMHH Hayx. 
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GENETIC HETEROGENY IN THE NATURAL POPULATIONS 
OF MICROPHALLUS PIRIFORMES AND M. PYGMAEUS PARTHENITES 
(TREMATODA: MICROPHALLIDAE) 


K. V. Khalturin, N. A. Mikhailova, A. I. Granovitch 
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SUMMARY 

The random amplified polymorphic DNA (RAPD) technique was applied for the studies of 
genetic heterogeny between several natural populations of trematodes belonging to the Microphallida 
family. Initially, the metacercariae from the daughter sporocysts infestating Littorina saxatilis and 
Littorina littorea periwinkles were used. Comparison of the banding patterns obtained for the different 
metacercariae within one sporocyst gave an unpredicted results. For two of three studied species 
( M . pygmaeus and M. pseudopygmaeus ), the consederable differences in RAPD patterning was 
detected. According to the classical point of view, the process of cercariae (metacercariae in case of 
the «pygmaeus» group of microphallides) formation does not include DNA recombination. Because 
of that, all metacercariae within one single sporocyst should be genetically identical. However, data 
obtained clearly shows that at least in some cases it is not so. We can hardly believe that such result 
could be a methodological artifact, for not single difference in a RAPD patterns was recorded between 
the metacercariae within sporocysts of M. piriformes. Moreover, even the 100 fold dilution of the 
total DNA used for PCR amplification does not change the banding patterns. Hence, our results can 
not be explained by slight fluctuations in the DNA concentrations between the samples. The most 
evident conclusion is that we came across yet strange, but real phenomenon — some degree of 
genetic difference within the progeny of each of the sporocysts — metacercariae. However, the 
detailed study is needed to understand and interpret these observations correctly. 

Amplification of the total DNA extracted from the whole sporocysts (containing metacercariae) 
never showed any differences in RAPD patterns between the parasites been derived from one 
infestated snail (local parasite hemipopulation). That allowed us to compare different parasite 
populations referring the RAPD pattern of one sporocyst from a snail to as a representative of one 
local hemipopulation. 

Analysis of the RAPD-loci frequencies showed a considerable genetic differences between the 
subpopulations of M. piriformes , infestating different paraxenic intermediate hosts — L. saxatilis and 
L. obtusata. This phenomenon was statistically significant for 2 localities of 3 studied. No heterogeny 
within populations was recorded for M. pygmaeus. 

Both M. piriformes and M. pygmaeus are characterized by the genetic differentiation in the 
microgeographic scale (within the Chupa bay of the White sea, the longest distance between the 
analyzed localities is 20 km). According to the frequencies of the RAPD-loci, parasites from the 
sheltered locality differ significantly from the parasites of other two localities exposed to the open 
sea. For both species the degree of genetic similarity between the populations correlates positively 
with the distance between the localities. 

We can suppose that the population structure of microphallids depended mainly upon the 
population structures of their intermediate hosts, definitive hosts and geographical structure of the 
areal. However, taking into consideration the low motility of snails, we believe that the distribution, 
migration and species composition of the definitive hosts play the key role in the genetic structuring 
of M. pygmaeus and M. piriformes hemipopulations. 

As an addition, the RAPD analysis of the parasite populations from the Barents Sea (East cost 
of Murman peninsula) and North Sea (Western cost of Sweden) revealed no significant genetic 
differences between the worms from those places and from the White Sea. However in case of this 
macrogeographic comparison, insufficient number of samples does not allow us to draw any final 
conclusions. 
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